Background: Two open-label, randomized, parallel-arm studies compared pharmacokinetics, safety, and tolerability of aripiprazole once-monthly 400 mg following deltoid vs gluteal injection in patients with schizophrenia. Methods: In the single-dose study, 1 injection of aripiprazole once-monthly 400 mg in the deltoid (n = 17) or gluteal (n = 18) muscle (NCT01646827) was administered. In the multiple-dose study, the first aripiprazole once-monthly 400 mg injection was administered in either the deltoid (n = 71) or gluteal (n = 67) muscle followed by 4 once-monthly deltoid injections (NCT01909466). Results: After single-dose administration, aripiprazole exposure (area under the concentration-time curve) was similar between deltoid and gluteal administrations, whereas median time to maximum plasma concentration was shorter (7.1 [deltoid] vs 24.1 days [gluteal]) and maximum concentration was 31% higher after deltoid administration. In the multipledose study, median time to maximum plasma concentration for deltoid administration was shorter (3.95 vs 7.1 days), whereas aripiprazole mean trough concentrations, maximum concentration, and area under the concentration-time curve were comparable between deltoid and gluteal muscles (historical data comparison). Multiple-dose pharmacokinetic results for the major metabolite, dehydro-aripiprazole, followed a similar pattern to that of the parent drug for both deltoid and gluteal injection sites. Safety and tolerability profiles were similar after gluteal or deltoid injections. Based on observed data, minimum aripiprazole concentrations achieved by aripiprazole once-monthly 400 mg are comparable with those of oral aripiprazole 15 to 20 mg/d.
Introduction
Schizophrenia is a chronic psychiatric disorder in which maintenance treatment with antipsychotic therapy is recommended for most patients to reduce the risk of relapse and avoid functional impairments (Kreyenbuhl et al., 2010; Caseiro et al., 2012; Hasan et al., 2013) . Because adherence to antipsychotic therapy is important for avoiding relapse and rehospitalization (Law et al., 2008; Caseiro et al., 2012) , long-acting injectable (LAI) antipsychotic formulations that allow for less frequent administration may improve patient adherence and outcomes (Kishimoto et al., 2013; Taylor and Olofinjana, 2014; Kane et al., 2015) . For patients treated with LAI antipsychotics, the option to select between deltoid and gluteal administration sites can accommodate patient preferences. For example, in a crossover study of stable outpatients with schizophrenia, 77% of patients in the United States preferred deltoid injections, whereas 70% of patients in non-US countries preferred gluteal injections. Those who preferred deltoid administration considered it easier, less embarrassing or painful, and faster than gluteal administration; similarly, those who preferred gluteal injection also considered it easier and less painful than deltoid injections (Hough et al., 2009) . Patients may also value the opportunity to select or alternate the administration site. In a survey of 60 patients with schizophrenia who were stabilized on an LAI antipsychotic administered at the gluteal site, 57% (n = 34/60) of patients chose to switch to the deltoid injection site when given the choice in administration site (Heres et al., 2012) . Common reasons noted for switching included less burden from undressing and being able to receive the injection while standing, whereas common reasons for not switching included fear of increased pain and potential dermal injection site reactions in a visible area of the body (Heres et al., 2012) .
Aripiprazole once-monthly 400 mg is an LAI formulation of aripiprazole for the treatment of schizophrenia (Otsuka Pharmaceutical Europe Ltd., 2016a; Otsuka Pharmaceutical Co., Ltd., 2016b) . The efficacy of aripiprazole may be mediated through partial agonistic activity at dopamine D 2 and serotonin 5-HT 1A receptors and antagonistic activity at 5-HT 2A receptors (Burris et al., 2002) . A 24-week, open-label, parallel-arm, multiple-dose study in adult patients with schizophrenia stabilized on oral aripiprazole (n = 41) evaluated the pharmacokinetics (PK), safety, and tolerability of 3 different doses of aripiprazole once-monthly (200, 300, and 400 mg) with concomitant oral aripiprazole (10 mg/d) for the first 14 days following the initial gluteal injection (Mallikaarjun et al., 2013) . The PK data and clinical studies supported 400 mg as the starting and maintenance dose of aripiprazole once-monthly gluteal injection (Raoufinia et al., 2015) . The mean (SD) steady state maximum concentration (C max,ss ) of aripiprazole once-monthly 400 mg (316 [160] ng/mL) (Mallikaarjun et al., 2013) was comparable with the C max of oral aripiprazole 20 to 30 mg/d (range, 393-452 ng/mL) (Mallikaarjun et al., 2004) , and the trough steady-state concentration (C min,ss ; mean [SD] , 212 [113] ng/mL) (Mallikaarjun et al., 2013) was similar to the steady-state C min of oral aripiprazole 15 to 20 mg (mean, 214 ng/mL; interquartile range, 124-286 ng/mL) (Kirschbaum et al., 2008) . C min and C max values for oral aripiprazole and aripiprazole once-monthly 400 mg were all within a conservatively estimated therapeutic window, 94.0 to 534.0 ng/ mL. The therapeutic window represents the median estimated C min,ss for oral aripiprazole 10 mg/d (94.0 ng/mL) and the 75th percentile of the simulated C max,ss for oral aripiprazole 30 mg/d (534 ng/mL) based on population PK simulations of oral aripiprazole once-daily (Raoufinia et al., 2015) . The current studies evaluated whether injection of aripiprazole once-monthly 400 mg in the deltoid muscle provided adequate aripiprazole concentrations throughout the 28-day dosing interval and determined the PK, safety, and tolerability of initiating aripiprazole once-monthly 400 mg at the deltoid site compared with the gluteal injection site. Further PK comparisons were made with historical gluteal injection site data in patients with schizophrenia who participated in earlier aripiprazole once-monthly 400-mg clinical studies (Kane et al., 2012; Mallikaarjun et al., 2013; Fleischhacker et al., 2014) .
Methods
These were randomized, open-label, parallel-arm, multicenter phase 1 studies conducted in compliance with International Conference on Harmonisation Good Clinical Practice guidelines. The informed consent forms, protocols, and amendments for both trials were submitted to and approved by central institutional review boards (single-dose study, Quorum Review IRB, Seattle, WA; multiple-dose study, Schulman Associates IRB, Cincinnati, OH). All patients provided written informed consent before study enrollment. Consistent with ethical principles for the protection of human research subjects, no trial procedures were performed on trial candidates until written consent was obtained.
Patients
Inclusion and exclusion criteria were similar for the single-and multiple-dose studies. Male and female patients aged 18 to 64 years with body mass index 18 to 35 kg/m 2 and a diagnosis of schizophrenia based on DSM-IV-TR criteria were eligible for study inclusion. Patients without a history of tolerating aripiprazole were excluded from the single-dose study. In the multipledose study, patients without a history of tolerating aripiprazole (based on investigator judgment) were required to establish tolerability ≥15 days before the first aripiprazole once-monthly 400-mg dose by taking oral aripiprazole 10 mg/d for 3 days.
Significance Statement
The research presented here shows that the site of injection of aripiprazole once-monthly 400 mg (AOM 400), gluteal or deltoid muscle after multiple once-monthly doses, does not substantially affect its pharmacokinetics or tolerability and thus should not alter the effectiveness previously demonstrated in multiple controlled clinical trials. Pharmacokinetics and safety/tolerability of AOM 400 were assessed in 2 randomized trials and were also compared with historical data for gluteal injections. In the singledose trial, patients received one injection of AOM 400 in either the gluteal or deltoid muscle. In the multiple-dose study, patients received their first injection in the gluteal or deltoid muscle, followed by 4 once-monthly injections in the deltoid muscle. These data indicate that the deltoid muscle is a safe alternative to the established gluteal injection site for AOM 400 in patients with schizophrenia.
In addition, patients had to be stabilized (based on investigator judgment) for ≥14 days before the first dose of aripiprazole once-monthly 400 mg with 1 of the following oral antipsychotics: aripiprazole (only in the multiple-dose study), olanzapine, paliperidone, quetiapine, risperidone, or ziprasidone. Patients had to demonstrate prior response to an antipsychotic medication other than clozapine (i.e., not treatment resistant to antipsychotic therapy). Patients who had a DSM-IV-TR comorbid diagnosis of substance abuse or dependence within the 180 days before screening or a current DSM-IV-TR diagnosis other than schizophrenia, were at significant risk of committing suicide, were treated with concomitant psychotropic medications (i.e., other than their current antipsychotic medication), or were taking cytochrome P450 (CYP) 2D6 or CYP3A4 inhibitors or CYP3A4 inducers within the 14 days before study dosing were excluded. Use of the aforementioned CYP inhibitors or inducers was prohibited for the duration of the trial. In addition, genotyping was performed to assess the presence of CYP2D6 alleles and assign metabolism status.
Study Designs
In both studies, patients were randomized 1:1 to receive an injection of aripiprazole once-monthly 400 mg in either the deltoid or gluteal muscle; in the multiple-dose study, randomization applied to the first dose only (i.e., after the first dose, all patients received deltoid injections). Needle length and gauge sizes for gluteal administration were consistent with US and EU prescribing information: a 22-gauge, 1.5-inch needle was recommended for patients <200 lb (90.7 kg), and a 21-gauge, 2.0-inch needle was recommended for patients ≥200 lb (Otsuka Pharmaceutical Europe Ltd., 2016a; Otsuka Pharmaceutical Co., Ltd., 2016b). For deltoid administration, a 23-gauge, 1.0-inch needle was recommended for patients <200 lb, and a 22-gauge, 1.5-inch needle was recommended for patients ≥200 lb.
In the single-dose study (6 sites), patients received a single injection of aripiprazole once-monthly 400 mg on day 1 in either the deltoid or gluteal muscle and remained on their current atypical oral antipsychotic for the study duration. Investigators had the option of reducing the dose of the oral antipsychotic medication to the mid to lower range of recommended doses (as described in the prescribing information) during the first 5 weeks after aripiprazole once-monthly 400-mg administration. Investigators could also further adjust the dose of oral antipsychotic at their discretion and based on patients' symptoms and the individual's safety/tolerability profile. Patients could be treated in an inpatient psychiatric unit for up to 3 weeks after administration of aripiprazole once-monthly 400 mg at the investigator's discretion and were then followed as outpatients for the remainder of the trial. Study duration ranged from 127 to 170 days (1-30 days for screening, up to 14 days for washout of prohibited medications, and 126 days for the PK blood sampling period).
In the multiple-dose study (11 sites), patients with no history of aripiprazole exposure were required to establish tolerability as described above. During the time that tolerability was established, patients continued treatment with their current antipsychotic, with dose adjustments permitted based on study investigators' judgment. Likewise, patients continued to receive their current oral antipsychotic for 14 days following the first aripiprazole injection. To compare the safety and PK of aripiprazole once-monthly 400 mg by injection site, patients received their first injection in the deltoid or gluteal muscle according to the randomization plan. Thereafter, all patients received 4 monthly administrations of aripiprazole once-monthly 400 mg in the deltoid muscle (for a total of 5 once-monthly injections). Patients were allowed a 1-time dose reduction to 300 mg and a 1-time return to the 400-mg dose for safety and tolerability reasons. A minimum of 4 injections at the deltoid site were planned to achieve steady-state plasma concentrations of aripiprazole (Mallikaarjun et al., 2004) .
Blood Sampling for PK Assessments
Blood samples in the single-dose study were collected predose on day 1 and postinjection through day 126 or until early termination (supplementary Figure 1) . In the multiple-dose study, to better characterize the PK profiles, 3 study sites were designated as extensive sampling sites where frequent PK samples were drawn after the first and fifth injections. Patients at extensive sampling sites were required to remain in the inpatient clinical psychiatric unit for the first 21 days after the first and fifth injections and were otherwise outpatients. Patients at the 8 sparse sampling sites could be followed as inpatients for the first 14 days after the first injection and as outpatients for the remainder of the trial, based on investigator judgment. Patients returned to their study sites for scheduled safety assessments and PK samplings. Patients at sparse sampling sites had blood collected on day 1 (predose) and once weekly or monthly thereafter (supplementary Figure 1) . At extensive sampling sites, blood samples were collected on day 1 (predose) and at 2-to 7-day intervals (some injections coinciding with sparse sampling days) until day 141 or early termination (supplementary Figure 1 ). All blood samples that were not drawn predose were collected between 8 am and 2 pm. All patients continued to take their current oral antipsychotic therapy during the 14 days after the first aripiprazole once-monthly injection. After 14 days, patients discontinued their oral antipsychotic for the remainder of the trial. At extensive PK sampling sites (supplementary Figure 1) , aripiprazole was not permitted as the concomitant oral antipsychotic in an effort to accurately capture the PK profile of aripiprazole once-monthly 400 mg.
Safety Assessments
In both studies, safety variables included adverse events (AEs), clinical laboratory tests, vital signs, physical examinations, and electrocardiograms. Extrapyramidal symptoms (EPS) were measured using the Simpson-Angus Scale (Simpson and Angus, 1970) , Barnes Akathisia Rating Scale (Barnes, 1989) , and Abnormal Involuntary Movement Scale (Guy, 1976a) . Suicidality was monitored with the Columbia Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2009) . Patients assessed injection site pain using a visual analog scale ranging from 0 mm (no pain) to 100 mm (unbearable pain) 30 minutes before injection and 1 hour postinjection for each injection in the multiple-dose study and on days 1, 14, and 28 in the single-dose study. Investigators assessed injection site reactions (localized pain, redness, swelling, and induration at the injection site) using a 4-point categorical scale ranging from absent to severe.
Bioanalysis
Aripiprazole and its major metabolite, dehydro-aripiprazole, were extracted from a 50.0-µL aliquot of plasma using a liquid-liquid extraction and were analyzed using a validated high-performance liquid chromatography with tandem mass spectrometry detection method; additional details are provided in the supplementary appendix.
PK Analyses
For calculation of descriptive statistics and PK analyses, concentration values below the quantitation limit (0.5 ng/mL) were set to 0. Plasma concentrations of aripiprazole were analyzed using standard noncompartmental methods (Jusko, 1992) . Actual blood sampling times relative to the drug administration were used for plasma PK calculations. Values for C max , C 28 (i.e., trough concentration), and time to maximum (peak) plasma concentration (t max ) were determined directly from the observed data. Area under the concentration-time curve (AUC) values AUC t , AUC 28 , and AUC ∞ were estimated using the linear trapezoidal rule. The terminal-phase elimination rate constant (λ z ) was estimated by a log-linear regression of ≥3 nonzero concentrations. The elimination half-life (t 1/2 ) was determined as (ln2)/λ z . Phoenix WinNonlin (Pharsight Corporation, version 6.2) was used for the analyses. In the multiple-dose study, AUC, C max , and t max following the first and fifth injections were determined only in patients from the extensive sampling sites. Summary statistics for trough (C 28 ) concentrations included patients from extensive and sparse sampling sites; however, PK samples from patients who were taking oral aripiprazole during the first 2 weeks were excluded from C 28 calculations. Moreover, patients who had dose reductions to 300 mg of aripiprazole once-monthly were excluded from all PK analyses.
For historical comparisons, mean aripiprazole concentrationtime profiles were used together with C min,ss from an open-label, randomized, multiple-dose, 24-week study that assessed the PK and safety/tolerability of aripiprazole once-monthly 400-mg gluteal injections in patients with schizophrenia (Mallikaarjun et al., 2013) . In that study, all patients received oral aripiprazole 10 mg for the first 14 days following the initial injection of aripiprazole once-monthly. Predose blood samples were collected weekly or biweekly throughout the study; after the final dose, blood samples were collected on days 1 to 5 and then at weeks 1, 1.5, 2, 3, and 4. Steady-state PK parameters were calculated for samples collected after the fifth and last aripiprazole oncemonthly injection (Mallikaarjun et al., 2013) .
Additional historical comparisons for C min,ss were drawn from 2 randomized, controlled, phase 3 maintenance studies with aripiprazole once-monthly 400-mg gluteal injections in patients with schizophrenia (Kane et al., 2012; Fleischhacker et al., 2014) . Predose blood samples used for the steady-state trough comparison were drawn at week 8 of the double-blind maintenance treatment phase in the 52-week study and at week 12 of the double-blind, active-controlled phase in the 38-week study. Bioanalytic procedures for aripiprazole and dehydroaripiprazole in the 52-and 38-week studies were similar to those described in the current study (see supplementary Appendix).
Efficacy Assessments
Maintenance of therapeutic effect was assessed as a secondary outcome in the multiple-dose study with the Positive and Negative Syndrome Scale (Kay et al., 1987) and the Clinical Global Impression-Severity of Illness (CGI-S) and CGI-Improvement (CGI-I) scales (Guy, 1976b) .
Statistical Analyses
For the single-dose study, point estimates and 90% CIs for geometric mean ratios were calculated by using the antilog of the estimates of difference and 90% CIs derived from an ANOVA on the natural-log scale of C max , C 28 , AUC t , AUC 28 , and AUC ∞ . t max values were compared using the Wilcoxon test. Sample sizes of 24 and 100 evaluable patients were planned for the single-dose and multiple-dose studies, respectively. Though formal power calculations were not performed, these numbers were considered sufficient to provide PK, safety, and tolerability data when evaluating a new site of administration. The dataset for the PK analyses consisted of all dosed patients who had evaluable PK parameters; missing data were not imputed. Analyses were conducted using the software program SAS version 9 (SAS Institute Inc.).
Baseline and demographic characteristics were summarized using descriptive statistics for all randomized patients. Safety data were summarized for all randomized patients who received ≥1 dose of aripiprazole once-monthly 400 mg, regardless of protocol violations. Missing data were imputed using the last observation carried forward method for the EPS scales.
Results

Patient Disposition and Characteristics
In the single-dose study, 52 patients were screened and 37 patients enrolled and were randomized to receive a single injection of aripiprazole once-monthly 400 mg in the deltoid (n = 18) or gluteal (n = 19) muscle. Two randomized patients discontinued before dosing (1 patient in the deltoid group withdrew consent and 1 patient in the gluteal group had an AE before dosing and was withdrawn by the investigator). After dosing, the most frequent reasons for study discontinuation were being lost to follow-up and patient withdrawn by investigator (Table 1 ). In the multiple-dose study, 204 patients were screened and 141 patients enrolled and were randomized to receive their first injection of aripiprazole once-monthly 400 mg in the deltoid (n = 73) or gluteal (n = 68) muscle. Of the 141 randomized patients, 51 were at extensive sampling sites (n = 28 deltoid, n = 23 gluteal) and 90 were at sparse sampling sites (n = 45 deltoid, n = 45 gluteal). Three randomized patients discontinued before the first injection; 3 patients met withdrawal criteria and 2 patients were withdrawn by the investigator. The most frequent reasons for study discontinuation were withdrawal of consent (n = 20), loss to follow-up (n = 12), and occurrence of treatment-emergent AE (n = 7). In both studies, demographic and baseline characteristics were similar between deltoid and gluteal administration groups (Table 1 ). In the multiple-dose study, 97.1% of patients had no dose adjustment of aripiprazole once-monthly 400 mg; dose reduction to 300 mg was required for 2 patients in the deltoid/deltoid group starting with the second injection and for 2 patients in the gluteal/deltoid group (1 starting with the second injection and 1 starting with the fourth injection). A small number of patients in the 2 studies were determined to be CYP2 D6 poor metabolizers (single-dose study, n = 1; multiple-dose study, n = 4).
PKs
Aripiprazole exposure (AUC t and AUC ∞ ) was comparable between deltoid and gluteal administration groups in the single-dose study (Table 2) , and dehydro-aripiprazole exposure was slightly higher with deltoid versus gluteal administration (supplementary Table 1 ). Mean (SD) aripiprazole plasma concentrations on day 28 after the dose (C 28 ) were 103 (49.6) and 86.2 (37.5) ng/mL with deltoid and gluteal administration, respectively (Table 2 ). In the multiple-dose study, C 28 concentrations after the first injection were 112 (50.1) and 79.0 (37.3) ng/mL after the deltoid and gluteal injections, respectively (data pooled between extensive and sparse sampling sites; Table 2 ); a similar pattern was noted with dehydro-aripiprazole (supplementary Table 1 ).
In the single-dose study, deltoid administration of aripiprazole once-monthly 400 mg resulted in a median aripiprazole t max of 7.1 days (range, 4.0-63.1) compared with 24.1 days (range, 4.1-70.0) with gluteal administration (P < .05, Table 2 ), and median dehydro-aripiprazole t max was 22.0 (range, 6.1-63.1 days) for deltoid and 35.0 (range, 8.0-84.0 days) for gluteal administration (P > .05) (supplementary Table 1 ). In the multiple-dose study, median aripiprazole t max during the first 28 days after the initial injection was 14.3 (range, 3.8-29.0) vs 13.9 (range, 3.9-28.0) days with deltoid vs gluteal administration, respectively. Median time to steady-state C max after the fifth aripiprazole once-monthly 400-mg injection was 3.95 days.
Based on visual inspection of predose concentrations from the multiple-dose study and historical data from a phase 1 study in patients with schizophrenia, aripiprazole steady state was reached by the fourth injection in the deltoid muscle (Mallikaarjun et al., 2013) (Figure 1 ). After the fifth injection, values for aripiprazole C min,ss were comparable between injection site groups, regardless of first injection site (mean [SD], 351 [161] and 299 [80.6] ng/mL for deltoid/deltoid and gluteal/deltoid groups, respectively) and were also comparable with historical data for gluteal administration from earlier studies in patients with schizophrenia (Figure 2 ).
Safety and Tolerability
Treatment-Emergent Adverse Events
There were no deaths reported and no treatment-emergent AEs (TEAEs) related to suicidal ideation in the single-or multipledose studies. During the single-dose study, there were no serious TEAEs. In the multiple-dose study, 4 of 138 patients (2.9%) experienced a serious TEAE (1 patient with psychotic disorder and 1 with schizophrenia in the gluteal/deltoid group; 1 patient with schizophrenia and 1 with atrial fibrillation in the deltoid/ deltoid administration site group). In the single-dose study, TEAEs for ≥10% of patients overall occurred with similar frequency between the 2 administration site groups, including injection site pain (supplementary Table 2 ). The majority of TEAEs were transient and mild in severity. In the deltoid administration site group, 1 patient (5.9%) had a meniscus lesion (right knee) that was considered severe and unrelated to study treatment. In the multiple-dose study, the most frequently reported TEAEs overall are shown in supplementary Table 3 ; the majority were mild or moderate in severity. The incidence of TEAEs was comparable between administration site groups overall and after the first injection. A clinically relevant increase in weight (≥7% increase from baseline) was reported in 21.5% of patients at the last visit, with overall mean (SD) increase in weight over the duration of the study period of 2.4 (5.6) kg and change in BMI of 0.8 (1.9) kg/m 2 (n = 135). There were no clinically relevant mean changes from baseline in serum chemistry, prolactin, urinalysis test results, vital signs, or electrocardiogram parameters during aripiprazole oncemonthly 400-mg treatment in either study. An AE of increase in blood glucose and triglycerides was reported in 1 patient in the single-dose study deltoid group. In the multiple-dose study, increased blood glucose was reported in 1 patient in the deltoid/ deltoid group, and hypercholesterolemia in 1 patient in the gluteal/deltoid group. There were no clinically relevant changes in hematology in the single-dose study, but anemia was reported Abbreviation: BMI, body mass index. a In the single-dose study, patients who completed the day 126 visit were defined as completers. In the multiple-dose study, patients who completed the day 141 visit were defined as completers. b In the multiple-dose study, 7 of 138 patients (5.1%) experienced a treatment-emergent AE that led to study discontinuation (4 in the deltoid/deltoid group, including 1 each with agitation, akathisia, psychotic disorder, and schizophrenia, and 3 in the gluteal/deltoid group, including 1 each with akathisia and psychotic disorder, and 1 patient with decreased weight, apathy, and decreased appetite. Percentages are based on the number of randomized patients.
for 1 patient in the multiple-dose study. Changes from baseline on EPS scales were minimal and comparable between deltoid and gluteal administration groups in the single-dose (supplementary Table 2 ) and multiple-dose (supplementary Table 3) studies; last observation carried forward and observed cases analyses were consistent. There were no adverse findings in the C-SSRS in the single-dose trial. In the multiple-dose trial, based on the C-SSRS, suicidality, suicidal ideation, and emergence of Abbreviations: AUC, area under the concentration-time curve; C max , maximum plasma concentration; C max,ss , C max at steady state; C min,ss , minimum plasma concentration at steady state; GMR, geometric mean ratio; N/A, not applicable; PK, pharmacokinetic; t 1/2 , elimination half-life; t max , time to maximum (peak) plasma concentration.
*P<0.05; † P=0.0002. a Unless otherwise noted, PK parameters for the multiple-dose study were assessed following the first and before the second injection of aripiprazole once-monthly 400 mg. Following the first injection, 19 patients were excluded from the PK analysis, because they received oral aripiprazole during the first 2 weeks; 1 patient who had a high baseline aripiprazole concentration and 2 patients who had no baseline PK data were also excluded. Two patients were excluded because of insufficient PK profiles. In addition, AUC 28 and C 28 were not reported for 11 patients, because the sampling time of their last measurable plasma concentration available before the second injection was not within 28 ± 2 days after the first injection. b Sample size is larger because of inclusion of data from sparse sampling sites.
c Reported as median (minimum-maximum). All other parameters are reported as mean (SD).
d Following the fifth deltoid injection of aripiprazole once-monthly 400 mg in the deltoid/deltoid group and fourth deltoid injection in the gluteal/deltoid group. samples at days 28, 56, 84, and 112 are predosing concentrations (trough levels), and more frequent sampling was done at steady state from days 112 to 140. Historical gluteal multiple-dose data are from an open-label, parallel-arm, multiple-dose, 24-week study (Mallikaarjun et al., 2013) . suicidal ideation occurred in 2 patients; no patients completed suicide or reported emergence of suicidal behavior.
Injection Site Assessments
In both studies, pain at injection site was the most commonly reported TEAE (Table 3 ). In the single-dose study, 1 patient in the gluteal administration group (5.6%) experienced severe injection site pain; all other injection site TEAEs were mild in severity. In both studies, investigator-assessed pain, redness, swelling, and induration at the injection site was rated as absent or mild in both administration site groups at all time points (Table 4) . Likewise, patient-rated pain scores based on a visual analog scale (100 mm) 1 hour postdose were low in both studies (Table 4) . Rates of injection site pain reported as a TEAE were slightly numerically higher with deltoid than gluteal injections but decreased with subsequent injections. After the first injection in the multiple-dose study, 18 of 71 patients (25.4%, deltoid/deltoid) and 15 of 67 (22.4%, gluteal/deltoid) had injection site pain as a TEAE, and this number decreased to 4 of 122 patients (3.3%), 0 of 109 (0.0%), 0 of 106 (0.0%), and 3 of 100 (3.0%) after the second, third, fourth, and fifth injections, respectively.
Other Assessments
In the multiple-dose study, patients remained stable during the trial based on standard measures of psychiatric symptoms and disease severity (Positive and Negative Syndrome Scale and CGI-S and CGI-I scales; data not shown).
Discussion
Single-dose administration of aripiprazole once-monthly 400 mg in the deltoid muscle resulted in similar aripiprazole exposure (based on AUCs) and slightly higher C max (31%) and shorter t max (7.1 days vs 24.1 days) compared with its gluteal administration. The observed differences in aripiprazole C max and t max after deltoid and gluteal administration of aripiprazole once-monthly 400 mg are due to the higher absorption rate of aripiprazole once-monthly 400 mg after deltoid administration because of the smaller mass and higher perfusion of the deltoid muscle. Other LAIs show similar patterns in C max and t max when administered in the deltoid muscle vs the gluteal muscle (Yin et al., 2015) . Aripiprazole concentration-time profiles after multiple doses of aripiprazole once-monthly 400 mg in the deltoid muscle were comparable with the historical data after multiple gluteal administrations. In addition, no differences in the multiple-dose PK data were observed when patients received the first dose of aripiprazole once-monthly 400 mg in the deltoid site vs the gluteal site. Although higher C max and shorter t max were observed after deltoid administration of aripiprazole once-monthly 400 mg in the single-dose study, no apparent differences vs gluteal administration with respect to C max were observed in the multiple-dose setting during the 28 days after the first administration. Results for dehydro-aripiprazole followed a similar pattern. The differences in C max and t max between concentration data for the deltoid site are from the multiple-dose study following the fifth injection, with gluteal/deltoid and deltoid/deltoid administration groups combined. Historical data are from patients with schizophrenia in a phase 3 randomized, placebo-controlled, 52-week study (Kane et al., 2012) ; a phase 3, randomized, active-controlled 38-week study (Fleischhacker et al., 2014) ; and a phase 1, open-label, parallel-arm, multiple-dose, 24-week study (Mallikaarjun et al., 2013) . [534 ng/mL]) based on population pharmacokinetic (PK) simulations of once-daily oral aripiprazole (Raoufinia et al., 2015) . Points represent individual outliers below the 10th and above the 90th percentiles. C max,ss = maximum plasma concentration at steady state; C min,ss = minimum plasma concentration at steady state.
gluteal and deltoid injections observed in the single-dose study but not in the multiple dose study are likely due to the different sampling schedules after the first injection in the 2 studies. The multiple-dose deltoid study was prospectively designed to randomly initiate aripiprazole once-monthly 400 mg in the deltoid or gluteal site, and no appreciable differences in the PK or safety data after the first and subsequent doses of aripiprazole oncemonthly 400 mg were observed. Likewise, multiple-dose PK results for the active, major metabolite, dehydro-aripiprazole, showed a similar pattern to that of the parent drug. Dehydroaripiprazole has affinity for dopamine D 2 receptors comparable to that of aripiprazole (Otsuka Pharmaceutical Europe Ltd., 2016a; Otsuka Pharmaceutical Co., Ltd., 2016b) and is present at plasma concentrations 30% to 50% of aripiprazole concentrations (Kirschbaum et al., 2008; Hiemke et al., 2011; Otsuka Pharmaceutical Europe Ltd., 2016a; Otsuka Pharmaceutical Co., Ltd., 2016b) . Nevertheless, the extent of the contribution of dehydro-aripiprazole to the clinical effect of aripiprazole is unknown. Thus, it is concluded that treatment of aripiprazole once-monthly 400 mg can be initiated in either the deltoid or gluteal muscle. Furthermore, given the similar safety and PK profiles of aripiprazole once-monthly 400 mg administered to the deltoid vs historical data of its gluteal administration (Kane et al., 2012; Mallikaarjun et al., 2013; Fleischhacker et al., 2014) , the safety and efficacy of aripiprazole once-monthly 400-mg deltoid administration are expected to be comparable with its gluteal administration. Comparable safety and efficacy with deltoid and gluteal injections can likewise be expected based on the observed mean C min,ss and C max,ss , both of which were within the established therapeutic drug monitoring reference range (150-500 ng/mL) (Hiemke et al., 2011) . Previously, the C max attained by multiple gluteal administrations of aripiprazole once-monthly 400 mg was reported to approximate steady-state plasma levels achieved after oral dosing of 20 to 30 mg/d, and C min to approximate steady-state plasma levels achieved after oral dosing of 15 to 20 mg/d (Mallikaarjun et al., 2004; Sparshatt et al., 2010) . Based on the C min and C max concentrations achieved after multiple deltoid administrations of aripiprazole once-monthly 400 mg, one can conclude that deltoid administration of aripiprazole once-monthly 400 mg also attains the aforementioned steady-state plasma levels achieved after oral aripiprazole dosing. Furthermore, examination of the range of aripiprazole C min concentrations, as displayed in Figure 2 , shows that aripiprazole plasma concentrations for most patients (>95%) are maintained >94.0 ng/mL with multipledose administration of aripiprazole once-monthly 400 mg in the deltoid or gluteal site. The maintenance of efficacy of aripiprazole once-monthly 400 mg has previously been reported (Kane et al., 2012; Fleischhacker et al., 2014) with the rate of impending relapse of 10.0% and 7.1% over 52 or 38 weeks, respectively. The performance of aripiprazole once-monthly 400 mg, as evidenced by its long-term clinical data, can be at least partly attributed to its robust maintenance of C min aripiprazole concentrations similar to those observed after daily administration of 15 to 20 mg of oral aripiprazole.
Deltoid administration of paliperidone palmitate, a oncemonthly LAI atypical antipsychotic, also showed potential differences in plasma concentrations and shorter t 1/2 compared with gluteal administration (Yin et al., 2015) . Both the US and EU prescribing information recommend initiating paliperidone palmitate treatment at the deltoid site, with deltoid or gluteal maintenance injections thereafter (Janssen Pharmaceuticals, Inc., 2015a; Janssen Pharmaceuticals N.V., 2015b). The data reported here demonstrate that mean aripiprazole concentration over time is similar with deltoid and gluteal administration after single or multiple injections, and there is no requirement in the US or EU prescribing information to preferentially initiate aripiprazole once-monthly 400 mg with deltoid vs gluteal administration (Otsuka Pharmaceutical Europe Ltd., 2016a; Otsuka Pharmaceutical Co., Ltd., 2016b) .
In both aripiprazole once-monthly 400-mg deltoid administration studies, the majority of TEAEs were mild or moderate in severity. The incidence of TEAEs was comparable between administration site groups overall and after the first injection. Furthermore, investigators assessed injection site pain as absent or mild, and mean patient-rated pain scores 1-hour postdose were low in both studies. Injection site pain reported as a TEAE following the first injection was slightly more common with deltoid than gluteal injections (25.4% vs 22.4%, respectively) but decreased to 3.0% after the fifth injection, which was into the deltoid muscle. b Last visit for the single-dose study; fifth injection (1 h postdose) for the multiple-dose study (n = 100).
c Assessed using a VAS ranging from 0 mm (no pain) to 100 mm (unbearable pain).
The multiple-dose study did not include a separate arm in which all injections were administered at the gluteal site. However, the rich historical data for multiple gluteal site injections of aripiprazole once-monthly 400 mg in patients with schizophrenia in phase 1 and 3 trials allowed us to use an alternative approach to compare deltoid vs gluteal administration site PK in which all patients were exposed to deltoid injections in the current multiple-dose study. Administration of aripiprazole once-monthly 400 mg to the deltoid site resulted in comparable aripiprazole concentrations relative to the gluteal site. For the duration of the single-dose study, patients continued their current oral antipsychotic. During the multiple-dose study, patients continued their current oral antipsychotic medication 14 days following the first injection. It is unclear to what extent these concurrent therapies may have contributed to the observed efficacy or safety outcomes in either study. One patient in the singledose study and 4 in the multiple-dose study were determined to be CYP2D6 poor metabolizers and found to have higher plasma concentrations of aripiprazole. The PK data for these patients are not presented separately here due the small sample size, which precludes meaningful analysis. No new safety signals emerged in either study, and patients in the multiple-dose study remained stable based on standard clinical assessments. The comparable safety, tolerability, and PK profiles support the deltoid muscle as an alternative injection site for administration of aripiprazole once-monthly 400 mg in patients with schizophrenia.
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